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Supramolecular Organization of Macrocyclic Rings. Cofacial Assembly of Crown-ether- 
substituted Silicon Phthalocyanines
Ot E. Sielcken,3 Lucia A. van de Kuil,a Wiendelt Drenth ,3 and Roeland J. M. Nolteb*
a Department o f Organic Chemistry, University at Utrecht, 3584 CH Utrecht, The Netherlands 
b Department o f Organic Chemistry, University at Nijmegen, 6525 ED Nijmegen, The Netherlands
A poly(oxysil icon phthalocyanine) containing 15-crown-5 subunits has been synthesized and its electrical 
conductivity determined.
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In nature, ion transport across membranes frequently occurs 
by means of ion channels. 1 The best studied example is the 
Gramicidin A channel .2 Synthetic models of ion channels are
•r
very scarce.3 Recently, we proposed a route for constructing 
synthetic ion channels, viz. by stacking of crown ether rings.4 
Bv using, a rigid polymer the riims were kept at a distance of cu. 
4 A. When incorporated into the bilayer of synthetic vesicles, 
the crown ether channels were able to facilitate the trans­
location of cobalt ions.5 In this communication we report 
another method of constructing ion channels, namely via 
linear arrangement of phthalocyanine crowns (Figure 1).
4,5-Dicyanobenzo-15-crown-56 was converted into the cor­
responding 1,3-di-imino-l ,3-dihydroisoindole derivative by 
reaction with sodium methoxide and ammonia in methanol .7 
Treating the product with SiCl4 in quinoline8 at elevated 
temperatures produced the dichlorosilicon phthalocyanine 
crown ether (1; /? = 0). This compound was readily hydro­
lysed in the presence of water to give the dihydroxysilicon 
phthalocyanine (2 ; n = 0) (30% yield from the isoindole 
derivative).t Compound (2 ) is soluble in common organic 
solvents and sparingly soluble in water and hexane.
Heating (2 ) in quinoline at 200 °C induced polv- 
condensation. This reaction is catalysed by CaCl2.9 Short 
reaction times (1—5 h) gave a mixture of oligomers. Pro­
longed heating resulted in the formation of high molecular 
weight polymers which were insoluble in all organic solvents 
but soluble in concentrated sulphuric acid. During the 
condensation reaction the monomer peak at 678 nm in the 
visible spectrum gradually disappeared and a new broad band 
attributed to oligomeric (3; n = 0) became visible at 637 nm. 
The condensation process can also be followed by recording 
the increase in the intensity of characteristic i.r. bands at 750
and 1610 cm -1 , and decrease of the band at 940 cm -1. The 
poly(phthalocyanine) (3; n = 0) had elemental analyses and 
spectroscopic data consistent with its structure.t  The poly­
meric nature of (3) also follows from its electrical properties, 
as measured by a.c. impedance spectroscopy. 10 The values of 
the electrical conductivity (a) at 25 °C and of the conductivity 
activation energy ( £ a) amounted to 10-7 S m _l and 0.4 eV, 
respectively. The electrical conductivity of (2) was much lower
0
L ^n
(1 ) X = Cl .  n = 0 
( 2 )  X = OH, n = 0
t  Compound (2; n =  0) (Found: C, 58.8; H, 5.6; N, 8.3. 
Cw H 74SiNK0- , -7 requires C, 57.55; H, 5.6; N, 8.4%); *H n.m.r. 
(CDC13) 6  0.0~(s, 2H, SiOH), 3.3— 4.5 (m, 64H, C H 20 ) ,  and 7.5— 8.5 
(m, 8 H, ArH); u.v.-vis. (CHCU) Xmax (log 8 ) 680 (5.31), 650 (4.60), 
612 (4.60), 417 (4.57), 359 (5.04), and 340sh nm; TG A  transition 
310°C (deeomp.). Compound (3; n = 0) [Found: C, 59.6: H. 4.3; N, 
9.1. anal, calcd. for (CMH 7 2SiN<s0 2 i)„ requires C, 58.3; H, 5.5; N, 
8.5%]; no SiOH i.r. band at 820 c m * 1; TGA transition 280°C 
(decomp.).
(3)
Figure 1 . Linear chain of phthalocyanine crowns.
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an d  cou ld  not be  m e a s u r e d  a c c u ra te ly  by the  im p e d a n c e  
te c h n iq u e .
C a p p in g  an  o l ig o m e r  o f  ( 2 ) o f  a p p r o p r i a t e  m o le c u la r  weight 
with R 3 SÍCI will p ro d u c e  a c h a n n e l  o f  a length  c o m p a ra b le  to 
the  th ick n ess  o f  a vesicle b i layer .  Such  a ch a n n e l  could  
facil i ta te  the  t r a n s p o r t  o f  b o th  ions a n d  e le c t ro n s  across  the 
vesicle wall.  W o rk  a lo n g  these  lines is in p ro g re ss  with ch a n n e l  
c o m p o u n d s  d e r iv e d  f ro m  18-crown-6 (3; // =  1 ) an d  21-crow n- 
7 (3; n =  2). D e ta i ls  will be p u b l ish e d  e lse w h e re .
R eceived , 24th February 1988; C om . 8I00749G  
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Lattice Oxygen Deficiency as the Origin of Strong Metal-Support Interaction in the 
Rhodium/Titanium Dioxide System
Venkataraman Vishwanathan and Sankarasubbier Narayanan
Catalysis Section, Regional Research Laboratory, Hyderabad 500 007, India
Reduction of Ti4 ~ to Ti3+, a primary step in the origin of strong metal-support interaction, can be brought about by 
hydrogen spillover or by lattice oxygen deficiency in the oxide surface, or by both.
R educ ib i l i ty  o f  a s u p p o r t  is o n e  o f  the  cha rac te r is t ic s  th a t  
d e te rm in e s  the  k ind  a n d  the  e x te n t  o f  in te rac t io n  b e tw e e n  
m eta l  a n d  s u p p o r t  a n d  h en ce  the  d ispersab i l i ty  o f  the  m eta l .  
W h e n  T i 0 2, a red u c ib le  o x id e ,  is used  as s u p p o r t  for a 
t rans i t ion  m eta l  th e re  is a possib il i ty  o f  s t ro n g  m e ta l - s u p p o r t  
in te rac t io n  ( S M S I ) . 1 T h e  abili ty  to c h e m iso rb  h y d ro g e n  o r  C O  
e i th e r  was s trong ly  s u p p re s se d  o r  v a n ish ed  en t i re ly  w h en  
m e ta ls  s u p p o r t e d  on t i tan ia  w ere  a c t iv a ted  in h y d ro g en  at 
t e m p e r a tu r e s  g r e a te r  th an  723 K. SM SI re fe rs  on ly  to  the  b o n d  
th a t  exists at the  in te r face  b e tw e e n  the  m eta l  an d  the  su p p o r t  
r a th e r  th an  to the  ca ta ly t ic  p ro p e r t i e s  d e r iv ed  f ro m  i t . 2 
A lth o u g h  m ig ra t io n  o f  r e d u c e d  t i ta n iu m  d iox ide  species  
(TiOjf) to  the  m eta l  su rface  has  b e e n  a c c e p te d  as an 
e x p la n a t io n  o f  SM SI b e h a v io u r ,  the  m ech an ism  is no t  yet 
u n d e r s t o o d . 2 O n e  m ust  c o n s id e r  also the  c o n t r ib u t io n  from  
h y d ro g e n  sp i l lo v e r . 3 -4 T h u s  u n d e r s ta n d in g  o f  the  origin o f  
SM SI an d  the  c o n s e q u e n t  ca ta ly t ic  activity  d e se rv es  a new  
look. In this c o m m u n ic a t io n ,  we re p o r t  the  orig in  o f  SM SI in 
R h / T i 0 2 u n d e r  tw o  d i f fe re n t  ac t iva t ion  co n d i t io n s ,  viz. in the  
p re se n ce  and  in the  a b se n c e  o f  h y d ro g en .
R h / T i 0 2 (1 wt % )  was p r e p a r e d  f rom  R h C l r 3 H 20  and  
T i O : by wet im p re g n a t io n  a n d  d r ied  o v e rn ig h t  at 393 K. T h e  
p ro d u c t  was ca lc ined  at 573 K for  3 h and  su b je c te d  to low 
t e m p e r a tu r e  re d u c t io n  in h y d ro g e n  at 473 for 8  h. H y d ro g e n  
u p ta k e  m e a s u r e m e n t s  on the  sam p le  at ro o m  te m p e r a tu r e  
w ere  c a r r ied  ou t  using a c o n v e n t io n a l  v o lu m e tr ic  a p p a ra tu s .  
T h e  sam p le  w as  s u b je c te d  to  two d if fe ren t  high t e m p e r a tu r e  
ac t iva t ion  p ro c e d u re s .  In o n e  case ,  it w as  r e d u c e d  in h y d rog en  
at 573, 673. o r  773 K for 3 h (h igh t e m p e r a tu r e  re d u c t io n )  a n d  
e v a c u a te d  fo r  1 h b e fo re  h y d ro g e n  a d so rp t io n  m e a s u r e m e n t  at 
ro o m  te m p e r a tu r e .  In the  o th e r  case ,  the  sam p le  was not 
re d u c e d  bu t  was only  e v a c u a te d  at the  sa m e  t e m p e r a tu r e s  for
3 h (high t e m p e r a tu r e  e v a c u a t io n )  b e fo re  h y d ro g en  a d s o r p ­
tion m e a s u r e m e n t  at ro o m  te m p e r a tu r e .  F igure  I show s the
d ec re a se  in h y d ro g e n  u p ta k e  by the  two types o f  sam ples .  
U n d e r  the  in f luence  o f  h y d ro g e n  sp il lover  the  SM SI effect (in 
te rm s  o f  d e c re a se  in h y d ro g en  u p ta k e )  is m o re  p ro n o u n c e d  
than  a f te r  high t e m p e r a tu r e  e v a c u a t io n .  In bo th  cases ,  the 
h y d ro g en  u p ta k e  could  be b ro u g h t  c loser  to  the  orig ina l  value 
a f te r  reo x id a t io n  a n d  low t e m p e r a tu r e  redu c t ion .  If the 
su pp ress io n  o f  h y d ro g en  u p ta k e  a f te r  high t e m p e ra tu r e  
ac t iva t ion  (w ith  o r  w i th o u t  h y d ro g e n )  is any ind ica t ion  of  
SM SI,  then  this e x p e r im e n t  p ro v es  tha t  SMSI in R h /T iO : can
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Figure 1. Hydrogen uptake on Rh T i 0 2 under the influence of (a) high 
temperature reduction and (b) high temperature evacuation. 
Curve (c) represents the temperature-programmed desorption of 
oxygen from R h /T i02. The open symbols (A, B) represent hydrogen 
uptake after reoxidation and reduction at 473 K.
